abstract OBJECTIVE: To identify patterns of outpatient care associated with diabetic ketoacidosis (DKA) among pediatric patients with type 1 diabetes (T1D).
Type 1 diabetes (T1D) is the third most common chronic disease of childhood. 1 More than 15 000 US children are diagnosed with T1D annually, and the incidence is rising. 2 Patients with T1D require daily insulin, and lapses in therapy lead to diabetic ketoacidosis (DKA). DKA is the primary cause of morbidity and mortality among children with T1D. 3 The standardized cost of medical care for a pediatric DKA hospitalization ranges from $4125 to 11 916, 4 not including the additional familial and societal costs associated with missed school and lost days of work. Cumulative costs for the >150 000 annual DKA episodes in the United States make up 25% of the $14.9 billion spent annually on patients with T1D. 2, 5 This dangerous, costly condition is also largely preventable, with 50% to 75% of DKA after diagnosis attributed to insulin omission and the remainder to suboptimal management of illness. 3, 5 Among adults with T1D, the Agency for Healthcare Research and Quality considers DKA a prevention quality indicator. 6 However, pediatric research has not consistently demonstrated an association between receipt of recommended outpatient services and fewer DKA hospitalizations. 7, 8 Determining which types and frequencies of ambulatory care are associated with DKA after diagnosis is an essential step toward improved management of pediatric T1D.
Clinical care guidelines for diabetes recommend quarterly subspecialty visits that include ongoing education about diabetes management, 9, 10 allowing providers to address barriers to insulin adherence and review appropriate sick-day management. Case management interventions that improve adherence to these quarterly visits among adolescents and adults also reduce DKA hospitalizations. [11] [12] [13] Given these data, as well as literature that children with chronic disease are hospitalized less if they have access to a medical home 14 and fewer missed well-child visits, 15 we hypothesized that less frequent visits to endocrinology and preventive care would be associated with DKA. We also sought to examine associations between DKA and nonpreventive primary care, emergency department (ED), and pharmacy encounters because these visits represent access to timesensitive care that might prevent hospitalization.
METHODS

Study Design
We conducted a retrospective cohort study of children with T1D enrolled in California Children's Services (CCS) between July 1, 2009, and June 30, 2012. CCS is a Title V program serving children with chronic disease and low family income in the state of California.
Data Source
We obtained paid claims data for children enrolled in CCS for fiscal years 2009 to 2012 from the California Department of Health Care Services. These data include enrollment dates, eligibility diagnoses, demographics, and claimspecific diagnoses for every eligible child. Institutional review board approval with a consent waiver was received from Stanford University and the California Department of Health Care Services.
Study Population
Initial inclusion criterion was enrollment in CCS between July 1, 2009, and June 30, 2012 with an eligibility diagnosis of T1D, encompassing International Classification of Diseases, Ninth Revision (ICD-9) codes 250.x1 and 250.x3 with x = 0 to 9. We then excluded children who had (1) enrollment in CCS for <365 consecutive days during the study period; (2) no pharmacy claim for insulin during the study period; or (3) a pharmacy claim for metformin >90 days after enrollment, suggesting an inaccurate diagnosis of T1D 16 ; (4) only pharmacy claims, suggesting that outpatient visits were billed to another insurer; or (5) no identifiable index date. Index date was designated as the first DKA hospitalization with ≥6 months of DKA-free preceding enrollment or as the date of study completion for those without any DKA hospitalizations. This yielded a study population of 5263 children (see Fig 1) ranging in age from infancy to 21 years, which is the age limit for CCS coverage.
Outcome
The outcome of interest was any DKA episode that took place >30 days after diagnosis with T1D, which in this study was approximated by the date of enrollment in CCS. Our study measured only DKA episodes severe enough to require hospitalization (inpatient claims with ICD-9 codes 250.10-250.13).
Exposure to Outpatient Care
Outpatient care was assessed in 2 domains: (1) Table 5 in online supplement). Among pharmacy encounters, only those involving insulin supplies (identified via Healthcare Common Procedure Coding System and National Drug Codes) were included in the analysis. ED and nonpreventive visits occurring within 1 day before the index date were excluded from the analysis to avoid capturing encounters associated with DKA hospitalization. In addition, we identified the subset of ED visits that were not associated with a DKA diagnostic code (ICD-9 250.10-250.13). Time to event for each type of outpatient care was defined as the number of days between the index date and the most proximal preceding outpatient encounter of that type.
Covariates
Patient-level variables including age, gender, race/ethnicity, insurance status, and mental health comorbidity were extracted from CCS data due to associations with DKA in previous studies. 8 Mental health comorbidity was defined as ≥1 inpatient or ≥2 outpatient claims associated with ICD-9 codes 290.xx to 319.xx. These codes include major mood disorders, anxiety disorders, eating disorders, and substance disorders, which have all been associated with T1D in pediatric studies. 22, 23 The characteristics of our study population are displayed in Table 1 .
Statistical Analysis
We identified outpatient visits to primary care, endocrinology, pharmacies, and EDs during the 6 months before the index date for each child and then assessed the percentages of those with and without DKA who experienced each encounter type during this period. Next we examined exposure to care within shorter, clinically meaningful time frames: nonpreventive visits to primary care or EDs within 14 days before the index, pharmacy claims within 90 days before the index, and endocrinology visits or preventive visits within 120 days before the index date. Multiple logistic regression was used to assess the adjusted odds ratio (aOR) of DKA given exposure to each of these care types within its specified time range, adjusting for covariates that varied significantly between groups in Table 1 .
RESULTS
Our study population included 5263 children with T1D, of whom 878 (16.7%) were hospitalized for DKA during the study period (see Table  1 ). Patients with DKA were more likely to be >12 years old (57.3% vs 48.5%, P < .001), female (54.2% vs 48.6%, P = 0.003), black (14.8% vs 8.6%, P < .001), enrolled in MediCal managed care (55.5% vs 45.2%, P < .001), and to have mental health comorbidity (36.0% vs 16.4%, P < .001). Among these demographic factors, all except black race/ ethnicity remained significantly associated with DKA after adjustment via logistic regression 3
FIGURE 1
Consolidated Standards of Reporting Trials (CONSORT) diagram depicting selection of the study population.
by guest on October 23, 2017 http://pediatrics.aappublications.org/ Downloaded from (see Table 2 ). These findings mirror those of previous studies that have associated DKA with age, gender, race/ethnicity, insurance status, and mental health comorbidities. 8, [18] [19] [20] [21] Children with DKA were more likely than those without DKA to have had ED visits as well as preventive and nonpreventive primary care visits during the 6 months before the index date and less likely to have visited endocrinology during that time frame (see Table 3 ). Among these differences, the disparity in ED use was most dramatic, and children with DKA were twice as likely to have visited the ED compared with their DKA-free counterparts (30.4% vs 14.8%). This difference remained after excluding ED visits associated with DKA and persisted throughout the 6 months (see Fig 2) . Table 4 ).
Further analysis of our population in 3 subgroups (ie, those with 0, 1, and ≥2 DKA hospitalizations during the study period) demonstrated the same associations between DKA and patient characteristics listed in Table 1 (see Supplemental Table  6 in the online supplement). In addition, this stratified analysis showed that patients with 1 and those with ≥2 DKA admissions were both more likely to have visited an ED in the 14 days before and less likely to have visited an endocrinologist in the 120 days before the index date, compared with patients without DKA admissions (see Supplemental  Table 7 in online supplement).
DISCUSSION
Outpatient care utilization differs between diabetic patients with DKA hospitalizations and those without, particularly during the weeks and months preceding DKA events. ED visits, and, to a lesser degree, nonpreventive primary care visits, signal an increased likelihood of DKA during the subsequent 14 days, while missing a quarterly endocrinology visit is also associated with higher odds of DKA hospitalization, even after adjustment for known risk factors.
Our most important finding is that ED and acute care visits for children with T1D are associated with DKA hospitalization within a 14-day time frame because it represents a novel association in the diabetes literature. Emergency or acute care visits have capacity to prevent DKA via insulin refills, dose review, attention to social issues or care barriers, and communication with primary providers. Thus, it is interesting that they were associated with higher rather than lower odds of DKA hospitalization. Additional research is needed to determine if this is because diabetes care was not addressed at these encounters or rather because the underlying precipitating factors for DKA overwhelmed any prevention efforts.
Our finding that missed endocrinology visits are associated
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FIGURE 2
Cumulative percentages of patients with and without DKA hospitalization experiencing an ED visit during the previous 180 days. Visits within 1 day of the index date were excluded to avoid capturing encounters that led directly to hospitalization. n and % indicate the number and percentage, respectively, of patients in each group who experienced the event. a Adjusted by multivariate logistic regression for age >12 y, female gender, black race/ethnicity, MediCal managed care, and mental health comorbidity. b Visits within 1 day of index date were excluded to avoid capturing encounters that led directly to hospitalization. c ED visits with DKA diagnostic codes (ICD-9 250.10-250.13) were excluded.
by guest on October 23, 2017 http://pediatrics.aappublications.org/ Downloaded from with DKA reinforces a 1997 study by the Joslin Diabetes Center, which showed that irregular outpatient diabetes care was associated with higher rates of DKA among youth with T1D. 7 However, it contradicts an analysis by Denver's Barbara Davis Center in 2002, which found no association between frequency of clinic visits and DKA. 8 Differences in patient populations and follow-up practices might explain this disparity (for example, if efforts by the Denver group to see highrisk patients at shorter intervals eliminated this association within their data). This type of analysis should be replicated in a variety of patient populations and practice environments to determine if the same association holds.
In addition, our study suggests that a large proportion of diabetic children are not meeting the recommendation for quarterly subspecialty visits. Even among patients without DKA, only 55.4% had seen an endocrinologist within 120 days and only 63.6% within 6 months before the index date. On the basis of previous publications from Joslin and Barbara Davis, the frequency of diabetes visits may vary widely between patient populations. For example, in the former analysis 20% of patients had <1 endocrinology visit per year, 7 and in the latter, only 9.7% to 17.5% of patients had <2 visits per year. 8 In our population, the low rate of subspecialty visits suggests that (1) recommended diabetes visits were missed, (2) endocrinologists extended care intervals for wellcontrolled patients, and/or (3) nonendocrinologists primarily managed a subset of T1D patients. The last scenario is supported by another analysis of CCS data, which indicates that 16.2% of T1D patients in CCS receive their diabetes care from primary care providers and another 10.8% from providers of other or unknown specialties (S.V. Kaiser, V. Sundaram, E. Cohen, R. Shulman, L. Sanders, A. Guttman, unpublished data, 2016).
Another unexpected finding was that MediCal managed care was significantly associated with DKA in our population after adjustment for demographic risk factors (see Table 2 ). Associations between DKA and female gender, adolescent age, mental health comorbidity, and public insurance are established in the literature, 8, 21 but to our knowledge, this association with managed care has not been described. In our population, a child was classified as managed care if all claims were listed as such, including before and after DKA events. Therefore, this association cannot reflect children switching to managed care after DKA events as a means to prevent recurrence. However, we cannot rule out that patients deemed high risk for other reasons were enrolled proactively in managed care at time of diagnosis. Further discussion with CCS administrators is needed to explore this and other potential explanations for the association between managed care and DKA hospitalizations.
As with any study using paid claims, our results are limited by the integrity, consistency, and completeness of administrative data. Inaccuracies in diagnostic codes or NPI taxonomies, or omissions of claims for certain encounter types, could significantly affect our results. However, these are likely to result in type II rather than type I errors. Our data are also limited to Medicaid claims, which do not capture care provided for free or billed to alternate insurance. For the CCS population, this is unlikely to represent a significant portion of encounters for DKA hospitalizations, insulin refills, or outpatient care because the program covers these comprehensively. Finally, this analysis cannot incorporate clinical data such as hemoglobin A1C, insulin doses, or disease duration, which are known to associate with DKA incidence. 8, 21 Our study may also be subject to selection bias in the context of population health because it focuses on a state program for low-income families. As such, our analysis uses an "enriched" sample for DKA risk, which may explain in part the higher rate of DKA in our population (16.7% over a 3-year period) compared with rates of 9.9% 21 and 15.7% 8 over 1 and 5 years, respectively, in previous US studies. Data from European countries often demonstrate lower rates of DKA 24, 25 but are difficult to compare with the United States due to differences in health care financing, delivery, and access.
CONCLUSIONS
In this vulnerable population of low-income children with T1D, odds of DKA are related not only to demographic and clinical risk factors but also to ambulatory care preceding DKA events. This has implications for clinical care, population health management, and health policy. At a clinical level, ED visits and nonpreventive primary care visits signal an increased likelihood of DKA during the following 2 weeks and should trigger timely outpatient interventions to prevent hospitalization. Similarly, missed visits to endocrinology should activate less urgent case management strategies to prevent DKA, such as renewed education, care coordination, and patientor family-focused behavioral interventions. 26 At a population level, outpatient care utilization should be incorporated into predictive analytic models so that programs like CCS can focus limited human and financial resources on patients during the time when they are at highest risk. In addition, our findings that a large percentage of type 1 patients with diabetes may be receiving diabetes care from nonendocrinologists and that method of care delivery (eg, managed care) is associated with odds of DKA deserve further exploration, given the implications for health policy and system redesign. In our current era of value-based care, this type of analysis is essential to the development of innovative care models that can improve the effectiveness of individual providers caring for children with T1D and the efficiency of the health care systems designed to serve them.
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